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Introduction
Analyzing the dynamic statistical characteristics of unemployment rates has gained in popularity in recent years in the applied macroeconomics literature. Within this literature four main theories have been formulated in order to explain unemployment behavior. First, the NAIRU (Non-Accelerating Inflation Rate of Unemployment)
establishes that shocks only have transitory effects and there exists a long run unemployment rate. Second, the structuralist viewpoint, states that changes in fundamentals may shift the equilibrium unemployment rate over time, which is a more relaxed version of the NAIRU theory. Given the high unemployment rate seen in European countries in recent decades, two more theories have arisen; the persistence hypothesis explains unemployment as a variable that needs long periods to recover after a shock, whereas the hysteresis hypothesis implies that unemployment can be characterized as a random walk, or more generally, a unit root or I(1) process, which never reverts to an equilibrium after a shock. If unemployment is characterized as a unit root process (hysteresis), macroeconomic policy measures should focus on structural reforms in order to counter a negative shock. On the contrary, if unemployment turns out to be a stationary I(0) process (NAIRU), macroeconomic policy should focus on the prevention of short run departures from the equilibrium.
The dynamic properties of unemployment rates have been widely discussed for industrialized countries, with particular attention given to Western Europe and the US.
The reason is, at least, twofold. First, high unemployment rates have not only economic, but also political and social consequences (Layard et al., 2005) . Second, despite the fact that European unemployment rates traditionally have been high and persistent, the recent 2008-2009 economic crisis has pushed unemployment rates even higher. This situation casts doubts about the empirical fulfilment of the natural rate of unemployment (NAIRU).
The unemployment rate in Turkey is rather high compared to that of the OECD countries: 10.3% versus an average of 6.8% in 2015. There are a number of recent papers that investigate the stationarity properties of the Turkish unemployment rates albeit with conflicting conclusions. The results of this paper will hopefully end this bifurcation.
The standard unit root tests consider only integer numbers for the order of integration of a series. This restriction may not be realistic. In this paper we use a version of the tests of Robinson (1994) which considers the possibility of any real value for the order of integration on the unit interval or above unity. This is referred to as fractional integration or I(d) behavior. In addition, we use a non-linear approach (Cuestas and Gil-Alana, 2016 ) that remains valid in fractionally integrated contexts. We apply this approach to the unemployment series of Turkey by gender and by various subgroups such as non-agricultural, urban, rural, and youth. The results indicate that the unemployment series are highly persistent with values above 0.5 in all cases and thus showing nonstationary behavior. Although the unit root null hypothesis cannot be rejected in the majority of the cases, some evidence of mean reversion is obtained for female series in the groups of non-agricultural rural and urban unemployment rate series as well as for the youth series, with higher degree of persistence for these two groups.
Our empirical results have important policy implications such as the long lasting effects of active labor market polices.
The rest of the paper is organized as follows. The next section briefly sets out the different economic theories about the dynamics of unemployment. Section 3 summarizes recent contributions dealing with the order of integration of unemployment rates series using time series techniques in several countries as well as Turkey. In
Section 4 we present the methodology employed in the paper. Section 5 describes the data. Section 6 summarizes the main results from applying unit roots and fractional integration techniques in the Turkish unemployment rate series; finally, the last section concludes the paper.
Unemployment hypothesis
From a theoretical perspective the first hypothesis regarding the dynamic behavior of unemployment is the NAIRU hypothesis, according to which there is a unique long run equilibrium for unemployment rates. Therefore, the Phillips Curve is vertical meaning that there is no trade-off between inflation and output in the long run. In the short run however there may be transitory deviations from the long run equilibrium, implying that the variable is a stationary and mean reverting process where shocks only have transitory effects. Hence, the NAIRU hypothesis might be consistent with values of d belonging to the interval [0, 0.5), with shocks disappearing fairly quickly.
The reality of recent decades has provoked doubts on the empirical validity of the NAIRU hypothesis, at least for European countries. A less restrictive version of the NAIRU theory is the one followed by structuralists, who believe that changes in the underlying fundamentals may affect the NAIRU permanently, i.e. result in structural changes and a shift from one equilibrium to another. Phelps (1972) , in his book,
proposes some theoretical models to explain changes in the natural rate of unemployment, which are due to changes in economic fundamentals, i.e. interest rates, expenditure, capital, productivity, etc. These models use not only macro, but also micro foundations to explain shifts in unemployment rates (see also Layard et al., 2005 , for a summary of these models). The structuralist theory implies that unemployment rates should be an I(0) process (or I(d) with d < 0.5) around a changing or time varying equilibrium value (Papell et al. 2000) . Under this theory, the empirical analysis should be done by means of unit root or I(d) tests that account for the possibility of structural changes. 1 Otherwise, traditional unit root tests may fail to reject the null hypothesis in the presence of structural breaks in the deterministic components.
Current unemployment rates, by appearing to indicate nonstationary, or even explosive, processes, suggest the NAIRU hypothesis may not be a correct theoretical starting point. In contrast, the hysteresis hypothesis (Blanchard and Summers, 1986 , 1987 and Barro, 1988 appears to offer more promising avenues for investigation.
According to this hypothesis, shocks to unemployment will never die out, and the variable will never come back to its equilibrium value, which is a characteristic of unit root or explosive processes. A number of factors explain this behavior. They include presence of powerful unions, disproportionately high real wages, employment protection schemes, and the social stigma of the long term unemployed and these are discussed by a number of authors (Phelps, 1972; Summers, 1986, 1987; Clark, 2003 , Layard et al., 2005 , and Cuentas and Ordóñez, 2011 . Also, Cross (1995) explains that hysteresis is a non-linear phenomenon, explained mainly by the existence of heterogeneous agents. That said, unemployment could eventually revert to equilibrium after a long period of time. This is a feature of nonstationary long memory processes, d ∈ [0.5, 1) (see Table 1 ) when the series is mean reverting though with the effect of the shocks taking a very long time to disappear completely.
[Insert Table 1 about here]
In this paper we confront this theoretical ambiguity over the most appropriate theoretical explanation for unemployment dynamics of Turkey, by means of unit roots and fractional integration tests. These tests, which will be explained in detail in Section 4, can provide empirical support for one or other theory of unemployment dynamics, by
focusing on their underlying statistical properties.
Brief literature review
Testing for unit roots in unemployment rates has traditionally been an appealing way to test for the empirical fulfilment of unemployment theories. Early studies applied the Augmented Dickey-Fuller (Dickey and Fuller, ADF, 1979) and Phillips-Perron (Phillips and Perron, PP, 1988) unit root tests in order to analyze whether the order of integration of unemployment rates was 0 or 1. Thus, Summers (1986), Mitchell (1993) , Brunello (1990) , Nelson and Plosser (1982) and Roed (1996) , find in general that European unemployment contains a unit root, whereas the results for the US are more ambiguous.
The above mentioned unit root tests may however present power problems when there are structural breaks in the data generation process. In this case, these tests may incorrectly conclude that unemployment is integrated of order I(1), when in fact it is stationary around a broken or shifting drift (see Perron, 1989) . Examples of papers that applied unit root tests with structural breaks to unemployment rate series are Mitchell (1993), Bianchi and Zoega (1998) , Arestis and Mariscal (1999) , Papell et al. (2000) , Ewing and Wunnava (2001) , and Chien-Chiang and Chun-Ping (2008) Wu (1997, 1998) and León-Ledesma (2002) behaves as a mean reverting process. In policy terms, this implies that the authorities should not implement policy measures for small deviations of unemployment from the equilibrium, given that the costs will offset the benefits. However, when unemployment reaches higher values, policy intervention to affect the underlying fundamentals may reduce actual unemployment rates. Examples of empirical papers that deal with nonlinearities in unemployment rates are Bianchi and Zoega (1998) , Skalin and Teräsvirta (2002) and Gil-Alana (2007, 2008) .
The case of Turkey
The literature on the investigation of the time series properties of the unemployment rate in Turkey is vast and offers conflicting conclusions. There are studies that consider different time periods with data of various frequencies employing different methodologies. We first review those studies that use annual data going back to 1923. Barişik and Çevik (2008) and Pazarlıoğlu and Çevik (2007) 
Methodology
Many macroeconomic series are nonstationary. Until the 1980s the most common approach to remove it was to impose a deterministic (usually linear) function of time, assuming that the residuals from the regression were stationary ) 0 ( I . Later on, and especially after the influential work of Nelson and Plosser (1982) , there was agreement that the nonstationary component of the series was stochastic rather than deterministic, and first differentiation (or unit roots or I(1) behavior) was commonly adopted.
However, the number of differences required to get ) 0 ( I may not necessarily be an integer value (usually 1) but any point in the real line. In such a case, the process is said to be fractionally integrated or I(d).
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In this paper we employ a version of the tests of Robinson (1994) 
where y t is the observed time series, β is a (kx1) vector of unknown coefficients and z t is a set of deterministic terms that might include an intercept (i.e., z t = 1), an intercept with a linear time trend (z t = (1, t) T ), or any other type of deterministic processes. Robinson (1994) showed that, under certain very mild regularity conditions, the LM-based
where " → d " stands for convergence in distribution, and this limit behavior holds independently of the regressors z t used in (2) and the specific model for the I(0) disturbances u t in (2).
As in other standard large-sample testing situations, Wald and LR test statistics against fractional alternatives have the same null and asymptotic theory as the LM test of Robinson (1994) . In fact, Lobato and Velasco (2007) employed a Wald testing procedure, but this method requires a consistent estimate of d; therefore the LM test of Robinson (1994) seems at least computationally more appealing. The above presented method is purely parametric and therefore we need to specify the functional form of the error term u t in (2). In the empirical application carried out in Section 6 we use two approaches, one based on uncorrelated (white noise) errors, while the other is autocorrelated. However, instead of using standard ARMA methods to describe the autocorrelation, we employ here a non-parametric approach of Bloomfield's (1973) where the model for u t is simply specified in terms of its spectral density function. This method approximates fairly well highly parameterized ARMA models with a few number of parameters. In addition, we also use some other semiparametric Whittle approaches (Robinson, 1995; Abadir et al., 2007) where no functional form is imposed on the error term.
The data
We use seasonally adjusted quarterly data ranging from 1988Q3 until 2013Q4 of Turkish unemployment rates adding up to over 100 observations. In total twelve series were analyzed, namely, Turkey total, non-agricultural, urban and rural unemployment series. The GDP series use the production of the national income accounting interpolation. All of the series are checked for seasonality and they are seasonally adjusted using the TRAMO/SEATS procedure due to Gomez and Maravall (1996) . As a result of these considerations, we believe we have a consistent quarterly unemployment rate series for the period from 1988Q3 to 2013Q4 including over 100
observations. The plots of the times series are displayed in Figure 1 .
[Insert Figure 1 about here]
We note that the unemployment rate was 10.3% in 2015 which is above the OECD average of around 6.8%. The number of those looking for work reached almost over three million. The unemployment rate was at a low point in 2012Q2 and has been rising since. In contrast it has been falling for the OECD. In addition to total unemployment we also consider the gender distinction in our analysis. It is important to differentiate the analysis by gender because female unemployment rates in Turkey are much higher than that of males. For instance the unemployment rate was 9.6% for men and 13.7% for women in 2016. We also extend our investigation to the subsamples of the non-agricultural unemployment rate, and urban and rural unemployment rates.
Employment in agriculture is rather high. About one in five people works in agriculture.
Agriculture is dominated by small family farms. This causes agricultural unemployment to be small. For example the agricultural unemployment rate was 1.2% in 2011. In contrast the non-agricultural unemployment rate 12.4% (10.2% for men and 18.3% for women) in 2015. Therefore it is appropriate to do a separate analysis of the nonagricultural unemployment rate as we do in this paper. The unemployment rates of urban and rural areas are also performed separately. The urban areas are those with a population of 20,000 and over and the rural areas are those with a population of less than 20,000. Finally we analyzed the youth unemployment rates. The age group of 15-24 has a particularly high unemployment rate in Turkey as it is in most countries. The unemployment rate for this group was 19.6% (17.4% for men and 23.7% for women) in
2016.
There were several economic crises during the period considered. In 1991 the crisis was due to the Gulf war. In 1994 financial mismanagement caused a severe crisis. large employment losses due to economic decline and a cyclical increase in the labor force resulting in a large increase in unemployment. Next, a rapid decline in unemployment accompanied the high growth rate in 2011. Unemployment rate fell below the pre-crisis level. This was partly due to high growth rates and partly due to an unexpected increase in employment capacity creation of growth. Unemployment rate was at a low point in 2012Q2 but has been rising ever since with the more recent deterioration of the labor market conditions. Youth unemployment peaked with 24 percent in 2009Q2. It fell subsequently but it has also been rising more recently.
Empirical Results
The first thing we do in this section is to conduct unit root tests for the series under examination. The results, displayed in the Appendix, clearly provide evidence supporting the unit root hypothesis in all cases. Other unit root methods (Phillips and Perron, 1988; Elliot et al., 1996; Ng and Perron, 2001 ) produced essentially the same type of results. Next, in order to allow higher flexibility we consider the possibility of fractional integration and consider model (2) with z t = (1, t) T , i.e.,
testing H o (1) for d o -values from 0 to 2 with 0.01 increments. (2) is a white noise process, and examining three different cases: i) with no deterministic terms, ii) with an intercept, and iii) with an intercept and a linear time trend.
We notice in Table 2 that an intercept seems to be sufficient to describe the deterministic components of the series since the time trend coefficients are found to be statistically insignificant in all cases. The estimated values of d are high, being above 0.5 (and thus showing nonstationarity) in all series. In fact, the unit root null hypothesis cannot be rejected in any series for the urban, non-agricultural, aggregate and youth unemployment data, and only for rural unemployment, this hypothesis is rejected in favor of mean reversion. Thus, we observe that urban unemployment is more persistent than rural unemployment and the estimates of d for male unemployment are higher than those for females in all cases examined. The order of integration for the aggregate data (Turkey) in the case of male unemployment is 1.26, and the I(1) hypothesis is rejected in favor of higher orders of integration, while it is 0.97 in the case of female unemployment.
[Insert Tables 2 and 3 about here]
Allowing for autocorrelated disturbances throughout the exponential model of Bloomfield (1973) , the estimated values of d are displayed in Table 3 . Generally, the values are smaller than in Table 2 and once more they are higher for males than for females in all the cases examined; however, for urban unemployment, the estimates are now smaller than for rural unemployment. Mean reversion now takes place for female unemployment in the case of non-agricultural, rural and young unemployment, and for the three cases (male, female and total) of urban unemployment.
Finally, we also conduct an alternative (semiparametric) estimation method (Robinson, 1995) that is basically a local Whittle approach in the frequency domain.
Based on the potential nonstationary nature of the data, we conduct the analysis based on the first differenced data adding then a value 1 to the results obtained.
[Insert Table 4 about here]
Consistent with the parametric results, the estimated values of d are higher than 0.5 in all cases. Once more they are higher in the case of male unemployment with mean reversion taking place in most cases for urban unemployment and also for rural and young female unemployment. Using other semiparametric methods based on both
Whittle and log-periodogram regressions the results were almost identical to those reported here.
In the final part of this manuscript we examine the possibility of a non-linear structure underlying the Turkish unemployment rate. This is a relevant issue noting that fractional integration is very much related with the potential presence of non-linearities and breaks in the data. However, instead of assuming the presence of abrupt changes in the data, we consider a rather smooth change by using the Chebyshev polynomials in time. Cuestas and Gil-Alana (2016) has recently developed a procedure for fractional integration that allows non-linear deterministic trends based on the Chebyshev polynomials. In particular, they propose the following specification:
with m indicating the order of the Chebyshev polynomial P i,T (t) defined as:
(see Hamming (1973) and Smyth (1998) for a detailed description of these polynomials). Bierens (1997) and Tomasevic et al. (2009) Across Tables 5 and 6 we display the estimates of d in (5) along with the Chebyshev coefficients, imposing m = 3, and using white noise (Table 5) and autocorrelated (Table 6 ) errors. Thus, if the coefficients corresponding to θ 2 and/or θ 3 are statistically significantly different from zero we can conclude that the series display some non-linear structures.
[Insert Tables 5 and 6 about here]
Starting with the case of white noise errors, we observe little evidence for nonlinear behavior, and in those cases where it seems to take place, they occur for female unemployment in the three cases of non-agricultural, rural and urban unemployment. In addition, we also observe some (partial) non-linear pattern for total rural unemployment and young female unemployment where θ 3 turns out to be significant but not θ 2.
However, allowing for autocorrelated errors, which seems more realistic, given its higher generalization, a different picture emerges and at least one non-linear coefficient is found to be statistically significant in all cases. Nevertheless, similar to the previous case, stronger evidence of non-linear behavior is observed for female unemployment rates in all cases examined. Focusing now on the orders of integration, we observe in Table 6 that for the aggregated series (Turkey) the I(1) hypothesis cannot be rejected for male unemployment. At the other extreme the I(0) hypothesis cannot be rejected for female unemployment and both hypothesis are rejected in favor of 0 < d < 1 in case of total unemployment. Similar evidence is obtained for the non-agricultural and young unemployment series, though here in the case of total unemployment the I(1) hypothesis cannot be rejected. Finally, mean reversion (i.e. d < 1) is obtained in the six series corresponding to rural and urban unemployment. In the rural case , the I(0) null cannot be rejected for female unemployment, though it is rejected in favor of long memory (d > 0) in the other two series. However, for urban unemployment the I(0) hypothesis cannot be rejected in any of the three series.
In short the results imply that the unemployment series of Turkey has longmemory while Turkey male unemployment is non-stationary and Turkey female unemployment is stationary. These results are similar for the non-agricultural unemployment rates, indicating that non-agricultural unemployment rates dominate the unemployment rates of Turkey. With regards to rural and urban series we find meanreversion. For rural and urban females we find stationarity. While for rural male and rural total we find long-memory and for urban male and urban total we find stationarity.
More clearly, for three of the urban series (male, female and total) we find stationarity while for rural female we also find stationarity. But, for rural male and rural total we find long-memory. In other words, the female unemployment series (Turkey, nonagricultural, rural and urban) are all unambiguously stationarity. Male unemployment series is nonstationary in the cases of Turkey, non-agricultural and rural unemployment while it is stationarity in the case of urban male unemployment. The unemployment rate for Turkey indicates that in the case of total Turkey, non-agricultural total and rural total unemployment series have long-memory but in the case of rural total unemployment it is stationary.
The union density is rather low in Turkey with about 6.3 percent compared to the OECD average of about 17 percent and has been declining over time (OECD, 2017) .
Collective bargaining is fairly non-centralized and covers only union workers.
Employment protection legislation instituted recently is considered to be stronger than most countries but covers only large firms which form only a small portion.
Unemployment insurance has also only been recently introduced and covers only a small portion of the unemployed. Therefore, Turkish Labor market can be considered to be characterized by weak institutionalization and low enforcement. These features explain the long-memory we found in the total and non-agricultural unemployment rates. Furthermore, the percentage of those who are unemployed for a duration of one year and over (long-term unemployed) in 2015 was 21.2 percent (17.7 percent for males and 26.8 percent for females) compared to the OECD average of 33.8 percent (OECD, 2017) . Given that the long-term unemployed is lower than the OECD countries, this could imply that the long term unemployed do not suffer any particular social stigma of the. This may also contribute to the long-memory we found in the total and nonagricultural unemployment rates. As remarked upon earlier and as pointed out by Cross (1995) the existence of heterogeneous agents explains the hysteresis effect. However, the Turkish Labor market cannot be considered to be composed of highly heterogeneous agents. As remarked earlier non-agricultural unemployment rate is much higher than the agricultural unemployment rate and exhibits a time pattern highly responsive to business cycles. Unpaid family work and self-employment determine employment patterns in the agricultural sector. In the non-agricultural sector wage employment prevails. Given the major institutional characteristics of the Turkish Labor market and the conclusions of this paper we can speculate on the results of active labor market policies which have been recently implemented by the Turkish Government. The
Turkish government started a subsidy program in 2008 to generate new employment for younger men and all women, these being the two groups with notably higher unemployment rates, as discussed earlier in Section 5. Balkan et al. (2016) show that the 2008 subsidy policies have been effective in increasing the employment probability of older unskilled woman. Currently, the government is implementing a program with the aim of generating employment for over two million people throughout 2017. The success of these programs depend on findings of hysteresis in the unemployment rates.
Conclusions
In this paper we have examined the time series behavior of various series corresponding to the unemployment rate in Turkey. Our purpose was to estimate the order of integration of the series in order to determine which hypothesis among those existing in the literature (i.e., NAIRU, structuralist, persistence and hysteresis) was more appropriate for the data examined (quarterly from 1988Q3 to 2013Q4). Previous studies used linear and non-linear unit root tests and standard long memory methods to investigate these issues with regard to Turkish unemployment series. However, these studies did not consider both the non-linear symptoms and long memory processes. To the best of our knowledge, this is the first article which analyzes simultaneously both the non-linear dynamics and fractional integration utilizing the method of Cuestas and Gil-Alana (2016) . Considering this approach in the case of Turkish unemployment series is the main contribution in this work. Our results indicate that the unemployment series in Turkey is highly persistent, with orders of integration equal to or higher than 1 in the majority of cases, implying permanency of the shocks and a lack of mean reversion. In fact, the only evidence in favor of mean reversion is obtained in the case of female unemployment and this happens for the four groups examined, corresponding to non-agricultural, rural, urban and young unemployment. With regard to the possibility of non-linearities, again this only takes place in case of female unemployment. An important policy implication of our empirical results is that the labor and macroeconomic policies are likely to have long lasting effects on the unemployment rates in Turkey. In bold the selected models according to the deterministic terms. " * " indicates evidence of mean reversion at the 5% level. In bold the selected models according to the deterministic terms. " * " indicates evidence of mean reversion at the 5% level. In bold the models that correspond approximately at m = (T) 0.5 ; " * " indicates evidence of mean reversion at the 5% level. 
